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(54) NONWOVEN FABRIC AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain a contact bonded nonwoven fabric, excellent in filtration performance in both the 
vapor and liquid phases and suitable as filters, heat insulating materials, separators or medical cloths by 
spinning polypropylene through a specific nozzle according to a melt blowing method and depositing the 
resultant fiber on a collecting plate, 

CONSTITUTION: The objective nonwoven fabric is obtained by spinning polypropylene having 250-1000 
melt index through a nozzle having 0.1 -0.5mm orifice diameter and 0.5-2.0mm pitch between the centers 
of nozzles at 0.05-*0.8g/min throughput per unit hole according to a melt blowing method, pulling and 
attenuating the fiber with a high-^pressure stream under 0.2kg/cm2 gauge pressure, taking off the 
attenuated fiber on a collecting plate located at a position 5-40cm under the nozzle and forming a 
nonwoven fabric of the ultrafine fiber having 0.5-7|am average fiber diameter and <55% coefficient of 
variation (CV). The nonwoven fabric is regulated to 8-20% filling ratio and provided with 150-600mmAq 
average value of ventilation resistance at 3.4m/sec wind velocity for 40g/m2 basis weight in the width 
direction and 30% difference (R) between the maximum and the minimum values of ventilation resistance, 
or the objective nonwoven fabric having the filling ratio regulated 55-~85% and <40p,m and <2.0|Lim maximum 
and average pore sizes at <2.9 ratio thereof is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nonwoven fabric with which the diameter of average fiber consists of super-thin 0.5- 
micrometer or more fiber 7 micrometers or less, a filling factor is 8% - 20% of nonwoven fabric, the 
average of ventilation resistance with a wind speed [ per eyes 40 g/m2 of the cross direction of this 
nonwoven fabric J of 3.4m [/second ] is 150 or more-mmAq 600 or less mmAq, and the difference of the 
maximum of said ventilation resistance and the minimum value is characterized by being 30% or less to 
said average. 

[Claim 2] The nonwoven fabric according to claim 1 whose valve flow coefficient% of the diameter of 
fiber of super-thin fiber is 55% or less. 

[Claim 3] The sticking-by-pressure nonwoven fabric characterized by for the maximimi pore size being 
4.0 micrometers or less, and for average pore size being 2.0 micrometers or less in the sticking-by- 
pressure nonwoven fabric which has a filling factor among 55% - 85%, and the ratio of this maxunum 
pore size to this average pore size being 2.9 or less. 

[Claim 4] By the melt blowing method, a melt index spins the melting polymer of the polypropylene of 
250-1000 fi-om a nozzle. It is 0.2kg/cm2 at gage pressure. In case it is made to ******42;e by the high- 
speed Ayr style, and it takes over to an uptake plate and is made a nonwoven fabric Set the diameter of 
an orifice of said nozzle to 0.1mm or more 0.5mm or less, and the center-to-center pitch of the hole of 
this nozzle is set to 0.5mm or more 2.0ram or less. The manufacture approach of the nonwoven fabric 
characterized by making discharge quantity per solitary foramen a part for part [ for 0.05g/- ], and 0.8g/, 
and setting distance of said nozzle and said uptake plate to 5cm - 40cm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the still more detailed nonwoven fabric used suitable 
for a liquid filter etc., and its manufacture approach about the nonwoven fabric which consists of super- 
thin fiber. 
[0002] 

[Description of the Prior Art] The super-thin fiber nonwoven fabric whose diameter of average fiber 
made by the melt blowing method (refer to JP,49-10258,A, JP,49-4892UA, and JP,50-123157,A) is 0.1 
micrometers - 20.0 micrometers as a super-thin fiber nonwoven fabric is known. 
[0003] 

[Problem(s) to be Solved by the Invention] There was a problem that it is difficult to raise the engine 
performance as a filter enough when the nonwoven fabric obtained by these melt blowing methods 
contains many bimdle-like fiber which can become entangled and do two or more fiber called a rope into 
a sheet and this rope exists, and dependability was remarkably inferior to the application of the film 
material of which a severe precision is required. 

[0004] The approach of enlarging Ayr airflow, in order to solve this problem, and making discharge 
quantity small and carrying out a cold press is proposed (refer to U.S. Pat. No. 4925601 specification). 
However, the filling factor was low, ventilation resistance was not suitable for filtering a submicron 
particle with a gaseous-phase filtration accuracy and a sufficient liquid phase filtration accuracy also by 
this approach, and it was inadequate. [ of ventilation resistance ] 

[0005] Then, this invention adds a device to a filling factor, ventilation resistance, pore size, etc., and 
makes it a technical problem to offer the suitable nonwoven fabric for a filter, and its manufacture 
approach. 
[0006] 

[Means for Solving the Problem] This invention takes the following means, in order to solve this 
technical problem. Namely, as for this invention, the diameter of average fiber consists of super-thin 
0.5-micrometer or more fiber 7 micrometers or less. A filling factor is 8% - 20% of nonwoven fabric, 
and it is eyes 40 g/m2 of the cross direction of this nonwoven fabric. The average of ventilation 
resistance with a wind speed [ of a hit ] of 3.4m [/second ] is 150 or more-mmAq 600 or less mmAq. In 
the nonwoven fabric with which the difference of the maximum of said ventilation resistance and the 
minimum value is characterized by being 30% or less to said average, and the sticking-by-pressure 
nonwoven fabric which has a filling factor among 55% - 85% the maximum pore size by 4.0 
micrometers or less By and the sticking-by-pressure nonwoven fabric and the melt blowing method 
which are characterized by for average pore size being 2. 0» micrometers or less, and the ratio of this 
maximum pore size to this average pore size being 2.9 or less A melt index spins the melting polymer of 
the polypropylene of 250-1000 from a nozzle. It is 0.2kg/cm2 - 0.98kg/cm2 at gage pressure. In case it 
is made to ******-ize by the high-speed Ayr style, and it takes over to an uptake plate and is made a 
nonwoven fabric The diameter of cage AFISUKA of said nozzle is set to 0.1mm or more 0.5mm or less. 
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It is the manufacture approach of the nonwoven fabric characterized by setting the center-to-center pitch 
of the hole of this nozzle to O.Smm or more 2.0mm or less, making discharge quantity per solitary 
foramen a part for part [ for O.OSgA ], and 0.8g/, and setting distance of said nozzle and said uptake plate 
to 5cm - 40cm. 

[0007] Hereafter, this invention is explained to a detail. First, as the quality of the material which 
constitutes the nonwoven fabric of this invention, if the melt blowing method is applicable, the organic 
substance, inorganic substances, or such mixture will be mentioned. Polyolefme, polyester, a polyamide, 
etc. are mentioned as the typical organic substance. Moreover, as an inorganic substance, the quality of 
the material of glass or the quality of a quartz is mentioned. In this, the polymer of a point with 
sufficient productivity to an olefin system is desirable, and especially the polymer of polypropylene is 
desirable. Moreover, when it uses as a liquid filter in the polymer of a polyester system, since there are 
few extracts from the filtering medium itself, it is desirable focusing on food relation. 
[0008] 0.5 micrometers - 7 micrometers of diameters of average fiber of the super-thin fiber formed of 
these quality of the materials are 0.5 micrometers - 3 micrometers preferably. If the diameter of average 
fiber surpasses 7 micrometers, it will become difficuh to acquire the high collection efficiency of a 
minute particle. On the other hand, if it becomes thinner than 0.5 micrometers, filtration resistance will 
be too high and handling of a nonwoven fabric not only worsens, but it will pose a problem. 
[0009] Moreover, fiber with it exists, and a filtration efficiency falls. [ dispersion large / the diameter of 
fiber of the fiber obtained by the melt blowmg method / therefore and ] [ thick ] Therefore, since a 
filtration efficiency will fall if valve flow coefficient% which broke the standard deviation of the 
diameter of fiber by the average becomes larger than 55%, 55% or less is desirable still more desirable, 
and valve flow coefficient% is 30% or less especially preferably 40% or less. About a cause, since thick 
fiber exists if valve flow coeflricient% surpasses 55%, it is presumed for channelling to happen near the 
thick fiber. Moreover, the filling factor adjustment stabilized since it became resistance of press working 
of sheet metal in case calendering of the nonwoven fabric is carried out and it is used becomes difficult. 
[0010] the ventilation resistance of 3.4m/second of wind speeds of a nonwoven fabric eyes 40 g/m2 
per - 150 or more-mmAq 600 or less mmAq - 250 or more mmAqs are 300 or more-mmAq 480 or less 
mmAq still more preferably 500 mmAq preferably. As for the optimimi value of ventilation resistance, 
the value becomes large, so that the diameter of fiber is small, eyes - 40 g/m2 it is not - a case - the 
ventilation resistance in the eyes - the following formulas - calculating - 40 g/m2 per - it converts. 40 
g/m2 Eyes hit ventilation resistance (mmAq) = ventilation resistance (mmAq) x40 (g/m2) / real eyes of 
real eyes (g/m2) (I) 

[001 1] Although ventilation resistance will be dependent on a filling factor (%) if it is converted into per 
eyes, it is desirable that it is in the range of this ventilation resistance by the filling factor in this 
invention field. Moreover, that dispersion in ventilation resistance is small leads to stabilization of the 
filter engine performance. This ventilation resistance is eyes 40 g/m2 which measured the nonwoven 
fabric part of a disk form with a diameter of 1 inch at the 340cm [/second ] wind speed at intervals of 1 
inch crosswise [ of a nonwoven fabric ]. Although it is the value of a hit, the difference of the maximum 
of this ventilation resistance and the minimum value is 25% or less preferably 30%o or less to average 
ventilation resistance. 

[0012] In the former, there was a problem that the dispersibility of fiber is bad, dispersion in ventilation 
resistance is large when the roughness and fineness of a fiber number exist, and there were not few cases 
where the difference of the maximuma of ventilation resistance and the minimum value surpasses 30% to 
average ventilation resistance. On the other hand, in this invention, while improving dispersibility of 
fiber and storing the average of ventilation resistance in the predetermined range, the filling factor at the 
tune of using a nonwoven fabric as an air filter of a gaseous-phase system is stored to 8% - 20%. If a 
filling factor is too low, a filtration efficiency will fall, if another side and a filling factor are too high, 
the filtration resistance in a gaseous phase will be high, and an application will be restricted remarkably. 
[0013] In this invention, ventilation resistance measures the part of a disk form with a diameter of 1 inch 
at a 340cm [/second ] wind speed at intervals of 1 inch crosswise [ of a nonwoven fabric ] so that the 
roughness and fineness of fiber may be reflected, and it is eyes 40 g/m2. The value converted into the hit 
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is used. Measurement was made into 1 inch for evaluating the dispersibility of the fiber in a small part to 
accuracy more by this measurement. 

[0014] Moreover, although the sticking-by-pressure nonwoven fabric of this invention carries out 
calender processing etc. and is suitably used as an object for liquid filters, it is desirable that it is 
between 55% - 85% of filling factors. If smaller than 55% of filling factors, a liquid phase filtration 
accuracy will not go up. Moreover, in case Siwa etc. goes into the nonwoven fabric which carried out 
calender processing or post processing, such as pleating, is performed, the problem that a filling factor 
changes partially arises. On the other hand, when it exceeds 85%, filtration resistance becomes large too 
much and a problem is in use. Moreover, when the filling factor usually increased, the filtration 
accuracy improved, but although filtration resistance goes up, it became clear that a filtration accuracy 
does not improve from the place where the filling factor became higher than 75%. As this cause, if a 
filling factor surpasses 85%, it will think for the part which the pore formed of fiber **** past ****** 
increase. 

[0015] The average pore size which measured the aforementioned sticking-by-pressure nonwoven fabric 
by the porometer (coal tar company) which measures a capillary tube suction force must be 2.0 
micrometers or less. This is for raising a liquid phase filtration accuracy conjointly with the magnitude 
of the maximum pore size. Moreover, the 4.0 micrometers or less of the maximum pore sizes are 3.0 
micrometers or less preferably. It is for raising a liquid phase filtration accuracy conjointly with the 
magnitude of average pore size, without raising dipping resistance. 

[0016] Next, it is required for the ratio (henceforth a "pore index") of the maximum pore size and 
average pore size to be 2.9 or less. That this pore index is small becomes the standard which shows that 
the pore size of a nonwoven fabric or a sticking-by-pressure nonwoven fabric is uniform, and shows that 
ventilation resistance or dipping resistance is made small by such same filtration accuracy that a pore 
index is small. Since the maximimi pore size determines the precision of filtration dominantly in the 
usual filtration, in the same filling factor, a filtration accuracy is high, and filtration resistance can be 
made small in another side and the same filtration accuracy. Moreover, even if it makes the eyes of a 
filtering medium small, it relates also to there being no big fall of a filtration accuracy. That is, the 
sticking-by-pressure nonwoven fabric of this invention is suitably used as a filtering medium excellent 
in the balance of a filtration accuracy and filtration resistance, 

[0017] As for the sticking-by-pressure nonwoven fabric of this invention, what consists of super-thin 
fiber whose diameter of average fiber which configuration fiber already described is 0.5 micrometers - 7 
micrometers is desirable, and it is desirable that valve flow coefficient% of the diameter of fiber is 55% 
or less. 

[0018] In case the nonwoven fabric of this invention is used as an air filter, it is desirable by carrying out 
electric charge processing to carry out the so-called electret-ization. 

[0019] In case the filling factor of this invention uses 8 - 20% of nonwoven fabric as a liquid filter, it is 
desirable to carry out the laminating of the nonwoven fabric and to use it. In case an one-nonwoven 
fabric submicron particle is filtered, it becomes difficult to gather a filtration efficiency. Therefore, it is 
preferably desirable to carry out a 14 or more layer laminating still more preferably ten or more layers at 
least five layers. The effectiveness which carries out the laminating of the nonwoven fabric 
demonstrates especially effectiveness, when neither the case where a particle is probably powder, nor a 
particle is completely solid-states. Particle diameter does not gather like mono dispersion polystyrene 
latex in probably a particle being powder. That the case where the standard deviation of mean particle 
diameter of particle diameter is larger than 5-10% is put here, and a particle is not a perfect solid-state 
Although filtration resistance will increase if say that a particle deforms with a certain stimulus and 
stress within a filter layer, a gel object, the corpuscle rn blood, etc. are raised as the representative, the 
number of laminatings is raised and it goes, it is desirable that the sum total of ventilation resistance is 
7000 or less mmAqs. The laminating effectiveness is large when the ventilation resistance per sheet is 
small. 

[0020] On the other hand, the nonwoven fabric which carried out calender processing and adjusted the 
filling factor to 55 - 85% has little the laminating effectiveness, and it is desirable that they are five or 
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less layers still more preferably at most ten or less layers. It is thought that what filtration in the front 
face of a nonwoven fabric contributes to filtration of the depth direction depends this on a large thing. 
Moreover, it is also a problem that the whole pressure loss becomes large too much. 
[0021] Moreover, a laminating can be carried out to porous materials, such as other nonwoven fabrics, 
textile fabrics, or porous films of a type, it can use, an improvement of a filtration accuracy and LIFE 
can also be carried out, and it is a gestalt also with desirable from viewpoints, such as deordorization, 
and deionization, desolventization, granular also using, using together with adsorption material, such as 
fibrous activated carbon. In addition, it is also desirable to carry out hydrophilization processing for 
fiber by post processing, such as corona discharge, electron beam irradiation, and hydrophilization agent 
attachment, and to improve early wettability. 

[0022] Next, the manufacture approach of this invention is explained. By the melt blowing method, a 
melt index spins the melting polymer of the polypropylene of 250-1000 from the nozzle whose diameter 
of an orifice is 0.1mm - 0.5mm. If the diameter of an orifice is smaller than 0.1 nmi, since the process 
tolerance of an orifice to an orifice configuration will become irregular and valve flow coefficient% of 
the diameter of fiber will become large, it is not desirable. Moreover, since the problem of tending to get 
a hole blocked by degradation of a polymer etc. at the time of long-term operation arises, it is not 
desirable. On the other hand, since it will become difficuh to obtain super-thin fiber if larger than 
0.5mm, it is not desirable. 

[0023] The distance between the feed holes of an orifice is 0.80mm - 1.2mm still more preferably 
0.75mm - 1.5mm preferably 0.5mm - 2.0mm. If it becomes smaller than 0.5mm, it will become easy to 
generate a rope and a filtration accuracy will fall. The probability of contact for the next fiber increases, 
fiber twines and this is considered to become easy to generate a rope. 

[0024] On the other hand, if 2.0mm is surpassed, a fiber comrade's confounding will fall extremely, the 
dimensional stability of a nonwoven fabric will fall, and the powerful fall of a nonwoven fabric and the 
problem of fiizz will arise. Moreover, solitary-foramen discharge quantity is a part for part [ for O.lgA ], 
and 0.5g/preferably by part [ for 0.05g/- ], and 0.8g/. If discharge quantity becomes smaller than a part 
for 0.05g/, it will become easy to generate the thread breakage of the fiber called fly, and productivity 
not only becomes low, but will be easy to produce ****** t^^^ continuation operation 
operation. On the other hand, if it becomes larger than a part for O.Sg/, it becomes easy to generate the 
fiber of the shape of a ball called a shot, and since the heat capacity of a polymer is large, cooling of 
fiber will fall to delay and the nonwoven fabric sheet with which non-solidified fiber was already 
formed, and the problem that a through tube ends on a sheet will arise. 

[0025] Moreover, although the melt indexes of the polymer of polypropylene are 250-1000, if it 
becomes under 250 (g / 10 minutes), **-izing will become inadequate, dispersion in a yam diameter 
becomes [ preferably, if 1000 (g / 10 minutes) is surpassed, the thread breakage will increase, or ] large, 
and they are not so desirable. 

[0026] Furthermore, the high-speed Ayr style is 0.2kg/cm2 although it is 0.2kg/cm2 - 0.98kg/cm2 in 
gage pressure. It becomes [ **-izing / of a line of thread ] inadequate and is not desirable if it becomes 
the following. On the other hand, 0.98kg/cm2 It becomes [ a towage Ayr rate serves as supersonic flow, 
and / the non-stationary of flow ] high and is not desirable if it surpasses. 

[0027] Moreover, the distance of a nozzle and an uptake plate is 5cm - 40cm. it is desirable - it is 7cm - 
25cm still more preferably 6 cm - 30cm. when it becomes smaller than 5cm, a through tube arises in a 
nonwoven fabric according to the cooling delay of fiber, or the rate on the uptalce plate of a towage fluid 
style becomes early, and it is a fluff about the front face of a nonwoven fabric ...it******** and is not 
desirable. On the other hand, if it becomes larger than 40cm, since a rope will increase and the 
dispersibility of fiber will fall remarkably, it is not desirable. In order for there to be no through tube of a 
nonwoven fabric sheet and for a form-of-a-rope object to obtain a small nonwoven fabric, it is thought 
required to attain optimization of the distance between a nozzle and an uptake plate according to 
solitary-foramen discharge quantity, and the pitch between orifices and a towage fluid flow rate. In 
addition, when cooling strengthening means, such as Myst quenching, are used, it can be shortened 
fiarther, and especially in case the distance which is 5-1 0cm uses this distance as a liquid phase filter, it 
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is desirable. 

[0028] 

[Example] 

By examples 1-13, the example 1 of a comparison - the 14 melt blowing method, the nonwoven fabric 
(40g of eyes/and m2) of this table was manufactured according to the conditions which show the 
polymer of polypropylene in Table 1 - 6, and the property was measured. Moreover, what stuck this 
nonwoven fabric by pressure by the heat press roller (the skin temperature of 90-130 degrees C, the 
sticking-by-pressure force 50- 150 kg/cm), and adjusted it to the desired filling factor was measured. 
The nonwoven fabric used for measurement of the filtration efficiency in a gaseous phase performed 
electret processing for 10 seconds by 20kV. 
[0029] In addition, the measuring method is as follows. 

** The diameter of average fiber, and valve flow coefficient% : the scanning electron microscope 
photograph of the fi-ont face of a sheet was taken by one 1000 to 3000 times the scale factor of this, 200 
diameters of fiber of the photograph were measured at random, and the arithmetic mean value was made 
into the diameter (micrometer) of average fiber. 

** eyes (g/m2): - the weight of the sample (n= 5) of 20cm angle is measured - 1 m2 per - the 
converted average was made into eyes (g/m2). 

[0030] ** Filling factor (%) : it is JIS about the thickness (m) of a sheet. They are 7 g/cm2 by the dial 
gage method of L- 1096. It measured under the load. The eyes (g/m2) of a sheet were broken by 
thickness (m), and it expressed with the percentage (%). 

** The collection efficiency of gaseous-phase filtration-accuracy (%):0.3micrometer air dust was 
measured with the linear velocity of 5.3cm/second, and it asked by {(inlet-port concentration-outlet 
concentration) /inlet-port concentration} xlOO. 

Ventilation resistance (mmAq) : the ventilation resistance of air was measured with the differential 
pressure gage with the linear velocity of 3.4m/second using the circular sample with a diameter of 
25mm. 

** Dipping resistance (mmAq) : it asked for dipping resistance of the water at the linear- velocity time 
for /of 2.2cm with the differential pressure gage. In addition, the magnitude of a sample is a circular part 
with a diameter of 140cm. 

** Liquid phase filtration accuracy (%) : by part for filtration velocity/of 2.2cm, it asked for the 

filtration accuracy of the 0.43-micrometer polystyrene latex by Japan Synthetic Rubber Co., Ltd. by 

{(inlet-port concentration-outlet concentration) /inlet-port concentration} xlOO. 

** The maximum pore size and average pore size : it measured by the coal tar company porometer II 

(ASTMF 316-70). 

[0031] 

[Table 1] 
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The direction whose filtration accuracy of a gaseous phase and the liquid phase is an example is 
excellent in the diameter of the same fiber so that clearly from examples 1-4 and the examples 1-5 of a 
comparison. If it sees about ventilation resistance, it will become so high that fiber is thin, but if a filling 
factor becomes higher than 20%, ventilation resistance will become large too much and the application 
as a filter of a gaseous phase will be checked remarkably. Precision is not expectable even if it will make 
a filling factor high, if the diameter of fiber becomes thick too much like the examples 3 and 5 of a 

comparison. , r., i.- • 

[0037] If the diameter of an orifice becomes large so that clearly, it will be hard to make fiber thin m 
examples 5-8 and the examples 6-9 of a comparison, and probably because spinning stress declines. 
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valve flow coefficient% of the diameter of fiber increases. Moreover, if an orifice pitch is too small, 
ropes will increase in number in a sheet and diameter valve flow coefficientof fiber % will also become 
high. If the filling factor of fiber is too high, filtration resistance is not greatly desirable as a filter. 
Although it is necessary to take a nozzle and such a large distance between uptake that the diameter of 
fiber be thick, the dispersibility of fiber worsens and variation of a filtration accuracy is not [ ventilation 

resistance ] greatly good. , . , • i. 

[0038] Although it was the example of a sticking-by-pressure nonwoven fabric which is shown m 
examples 10-13 and the examples 1 1-14 of a comparison, since the pore index was out of range, 
moreover, maximum pore size and average pore size also had the liquid phase filtration accuracy bad 
[ the example 10 of a compai ison had the low filling factor, and ]. Since especially the maximum pore 
size was especially large, especially the liquid phase filtration accuracy of the example 14 of a 
comparison was bad. The example 12 of a comparison had the too high filling factor, and although the 
liquid phase filtration accuracy was good, it was roughly inadequate. [ of dipping resistance ] Smce the 
example 13 of a comparison had had the pore index [ good ] for 2.9, it was low a little, and was 
inadequate. [ of both balance ] [ of the dipping filtration accuracy ] 
[0039] 

[Effect of the Invention] The nonwoven fabric suitably used as filter media in which a filtration accuracy 
is high at both the liquid phase and a gaseous phase, and the small outstanding filtration efficiency of 
ventilation resistance is shown by this invention can be obtained. Moreover, this nonwoven fabric can be 
used also as heat insulating material, a separator, and a medical-application cloth firom that property. 



[Translation done.] 
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